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ACTIVE MATRIX TYPE DISPLAY 



BACKGROUND OF THE INVENTION: 

1 . Field of the Invention 

The present invention relates to an active matrix type display 
provided with a thin film transistor (hereinafter, referred to as 
a TFT) as a switching device and more particularly to liquid crystal 
display (hereinafter, referred to as a LCD) which displays an image 
by driving liquid crystal according to the TFT. 

2. Description of the Related Art 

A thin film transistor array using amorphous silicon or 
polycrystal silicon ( polys ilicon) as an operational semiconductor 
film is used as a switching device for an active matrix type liquid 
crystal display panel and the like. 

Fig. 6 shows a schematic structure of an array substrate for 
the conventional liquid crystal display panel using the TFT. Fig. 
6(a) shows a plan view of the array substrate and Fig. 6(b) shows 
a part of a cross section cut at a line A-A in Fig. 6(a). As shown 
in Fig. 6(a), a plurality of gate wirings 4 are formed on a glass 
substrate 1. Further, a plurality of data wirings 6 are formed in 
the orthogonal direction to the gate wirings 4 . The TFT is formed 
in a pixel area decided by the gate wirings 4 and the data wirings 
6. According to a structure of the TFT shown in Fig. 6, a gate 
electrode is not formed by being pulled out of the gate wiring 4, 
and the TFT is structured to use a part of the gate wiring 4 wired 
lineally as the gate electrode. Furthermore, this TFT has the 
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so-called double gate structure in which the gate wiring 4 is crossed 
twice. 

In the pixel area, a pixel electrode 7 to be connected to the 
TFT is formed. Further, a storage capacitor wiring 41 is formed by 
crossing the pixel area in parallel with the gate wirings 4 and 
furthermore, a storage capacitor electrode 62 to be electrically 
connected to the storage capacitor wiring 41 at each pixel area is 
formed . 

Furthermore, as shown in Fig. 6(b), a semiconductor layer 2 
made of polysilicon is formed on the glass substrate 1, and a gate 
insulating film 3 made of silicon oxide film (Si0 2 ) and a gate 
electrode (gate wiring) 4 made of chrome (Cr) are formed in this order 
on the semiconductor layer 2 . The semiconductor layer 2 has a channel 
layer 2a, a source electrode 2c and a drain electrode 2b which are 
semiconductor layers to which impurity is doped. A first interlayer 
insulating film 51 is formed substantially on the whole surface of 
the upper layer of the gate electrode 4, and a drain electrode 2f 
is connected to the data wiring 6 via a contact hole 51a (refer to 
Fig. 6(a) ) . A source electrode 2e is arranged opposing to the drain 
electrode 2f sandwiching a channel layer 2g. The source electrode 
2e functions as the drain electrode 2b in a transistor at next stage. 
The source electrode 2c is arranged opposing to the drain electrode 
2b while sandwiching the channel layer 2a. Also, the source 
electrode 2c and an island-like electrode 61 are connected via a 
contact hole 51b. The island-like electrode 61 is formed 
simultaneously with a formation of the data wiring 6 made of, for 
example, Mo (Molybdenum) . The island-like electrode 61 is connected 
to the pixel electrode 7 made of a transparent electrode such as ITO 
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(Indium Tin Oxide) via a contact hole 52c in a second interlayer 
insulating film 52 formed above the island-like electrode 61. 

On the other hand, simultaneously with the formation of the 
gate electrode 4, the storage capacitor wiring 41 is formed in 
parallel with the gate electrode 4. A storage capacitor electrode 
62 is formed on the storage capacitor wiring 41 via a contact hole 
51d in the first interlayer insulating film 51. The storage 
capacitor electrode 62 is formed simultaneously with the formation 
of the data wiring 6 . The storage capacitor electrode 62 forms a 
storage capacitor Cs between the pixel electrode 7 and the storage 
capacitor electrode 62 sandwiching the second interlayer insulating 
film 52. It will be noted that, in order to maintain a constant 
potential, for example, the storage capacitor wiring 41 is 
electrically connected to a common electrode formed on the opposing 
substrate side arranged to face the glass substrate 1. Liquid 
crystal is sealed between the array substrate where the pixel is 
formed on the glass substrate and the opposing substrate. When the 
TFT writes electric charges in a liquid crystal capacitor via the 
pixel electrode 7 to display an image, the TFT simultaneously writes 
the electric charges in the storage capacitor. In general, the 
capacitance which is substantially from the same as the capacitance 
of liquid crystal to several times as much as the capacitance of 
liquid crystal is required for the storage capacitor. 

Fig. 7 shows other structure of the array substrate for the 
conventional liquid crystal display panel using the TFT. Fig. 7(a) 
shows a plan view of the array substrate and Fig. 7(b) shows a part 
of a cross section cut at a line B-B in Fig. 7(a). As shown in Fig. 
7(a) , a plurality of gate wirings 4 are formed on the glass substrate 
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1. Further, a plurality of data wirings 6 are formed in the 
orthogonal direction to the gate wirings 4. The TFT is formed in 
the pixel area decided by the gate wirings 4 and the data wirings 
6. According to the structure of the TFT shown in Fig. 7, a gate 
electrode is not formed by being pulled out of the gate wiring 4, 
and the structure of the TFT is structured to use a part of the gate 
wiring 4 wired lineally as the gate electrode. Furthermore, this 
TFT has the so-called double gate structure in which the gate wiring 
4 is crossed twice. 

In the pixel area, the pixel electrode 7 to be connected to 
the TFT is formed. Further, a storage capacitor electrode 8 is formed 
surrounding the circumference of the pixel electrode 7 . This storage 
capacitor electrode 8 also serves as a black matrix layer (black 
matrix) normally formed on the opposing substrate side facing the 
array substrate where the TFT is formed sandwiching a liquid crystal 
layer. 

Furthermore, as shown in Fig. 7(b), the semiconductor layer 
2 made of polysilicon is formed on the glass substrate 1, and the 
gate insulating film 3 made of silicon oxide film and the gate 
electrode (gate wiring) 4 made of Cr are formed on the semiconductor 
layer 2. The semiconductor layer 2 has a channel layer 2a, and a 
source electrode 2c and a drain electrode 2b which are semiconductor 
layers to which impurity is doped. The first interlayer insulating 
film 51 is formed substantially on the whole surface of the upper 
layer of the gate electrode 4, and a drain electrode 2f is connected 
to the data wiring 6 via a contact hole 51a (refer to Fig. 7(a)). 
A source electrode 2e is arranged opposing to the drain electrode 
2f sandwiching a channel layer 2g. The source electrode 2e functions 
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as a drain electrode 2b in a transistor at next stage. The source 
electrode 2c is arranged opposing to the drain electrode 2b 
sandwiching the channel layer 2a. Also, the source electrode 2c and 
the island-like electrode 61 are connected via the contact hole 51b. 
The island-like electrode 61 is made of, for example, Mo and formed 
simultaneously with the formation of the data wiring 6. The 
island-like electrode 61 is connected to the pixel electrode 7 made 
of a transparent electrode such as ITO via a contact hole 53c opened 
in the second interlayer insulating film 52 and a third interlay er 
insulating film 53 formed above the island-like electrode 61. 

The storage capacitor electrode 8 made of, for example, 
titanium is formed between the second interlayer insulating film 52 
and the third interlayer insulating film 53 . The storage capacitor 
electrode 8 which also serves as the black matrix layer forms a 
storage capacitor Cs between the pixel electrode 7 and the storage 
capacitor electrode 8 sandwiching the third interlayer insulating 
film 53. Further, the storage capacitor electrode 8 is connected 
to, for example, the common electrode in order to maintain the 
constant potential. 

In order to increase storage capacity in the display described 
above, methods such as increasing a relative dielectric constant of 
an insulating film between electrodes, decreasing the thickness of 
the insulating film, or increasing the area of a storage capacitor 
electrode are generally considered. However, there is problems that 
in the method of increasing the relative dielectric constant of the 
insulating film, a material for the insulating film is limited, and 
in the method of decreasing the thickness of the insulating film, 
an occurrence of an interlayer short-circuit between electrodes is 
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concerned. 

Further, though the display is desired to display as high as 
possible in brightness, in the method of increasing an electrode area, 
the area of the storage capacitor electrode formed by a metal 
material which does not pass the light extends inside the pixel 
electrode 7 and much of transmitting light from the back lighting 
is shielded at the storage capacitor electrode. Therefore, when 
obtaining a bright display panel with high aperture ratio by 
increasing the area on which the back lighting light is incident, 
a problem exists where the storage capacitor can not be increased. 

SUMMARY OF THE INVENTION; 

An object of the present invention is to provide an active 
matrix type display from which a large storage capacity can be 
obtained without thinning an insulating layer between electrodes nor 
expanding the electrode to a pixel area. 

Above object is achieved by an active matrix type display 
comprising a plurality of gate wirings formed on a substrate, a 
plurality of data wirings formed on the substrate substantially 
orthogonal to the gate wirings, a thin film transistor formed in a 
plurality of pixel areas decided by the gate wirings and the data 
wirings and arranged in a matrix shape, a pixel electrode formed in 
the pixel area and connected to the thin film transistor, and a 
plurality of storage capacitor electrodes forming a plurality of 
storage capacitors between the substrate, the pixel electrode and 
the storage capacitor electrodes via a plurality of insulating 
films . 
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According to the present invention, by laminating storage 
capacitors to structure a plurality of layers, capacity can be 
increased without generating an increase of a shielding area which 
reduces the aperture ratio of the pixel. 

Further, in addition to the conventional storage capacitor, 
by laminating storage capacitors to a plurality of layered 
structures in the area where a conventional storage capacitor 
electrode originally shields a light, storage capacity can be 
increased without reducing the aperture ratio of the pixel. It will 
be noted that, the active matrix type display according to the 
present invention uses the same device forming materials as in the 
conventional display and can be fabricated by the same fabrication 
method as before. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

The present invention is further described in connection with 
the accompanying drawings, in which: 

Fig. 1 is a diagram showing a structure of an active matrix 
type display according to a first embodiment of the present 
invention . 

Fig. 2 is a diagram showing a fabrication method of the active 
matrix type display according to the first embodiment of the present 
invention. 

Fig. 3 is a diagram showing another structure of an active 
matrix type display according to the first embodiment of the present 
invention. 

Fig. 4 is a diagram showing a structure of an active matrix 
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type display according to a second embodiment of the present 
invention . 

Fig. 5 is a diagram showing a fabrication method of the active 
matrix type display according to the second embodiment of the present 
invention. 

Fig. 6 is a diagram showing a structure of the conventional 
active matrix type display. 

Fig. 7 is a diagram showing other structure of the 
conventional active matrix type display. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS; 

An active matrix type display according to a first embodiment 
of the present invention is described with reference to Fig. 1 
through Fig. 3. First, a schematic structure of the active matrix 
type display according to this embodiment is described with 
reference to Fig. 1 . Fig. 1(a) shows a plan view of an array substrate 
and Fig. 1(b) shows a part of a cross section cut at a line A-A in 
Fig. 1(a) . As shown in Fig. 1(a) , on a substrate made of transparent 
glass , which is to be the array substrate, a plurality of gate wirings 
4 extending in the lateral direction in the diagram are formed in 
line in parallel. Further, a plurality of data wirings 6 are formed 
in line in parallel substantially in the orthogonal direction to the 
gate wirings 4 . 

A rectangular-shape area decided by each gate wiring 4 and 
each data wiring 6 becomes a pixel area and a plurality of the pixel 
areas are arranged in a matrix shape. In each pixel area, TFT is 
formed. According to a structure of the TFT shown in Fig. 1, a gate 
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electrode is not formed by being pulled out of the gate wiring 4, 
the TFT is structured to use a part of the gate wiring 4 wired lineally 
as the gate electrode. Further, in order to make a reduction in leak 
current , this TFT has the so-called double gate structure in which 
the gate wiring 4 is crossed twice- Thus, a drain electrode 2f is 
connected with the data wiring 6 at a contact hole 51a. A source 
electrode 2e is arranged opposing to the drain electrode 2f 
sandwiching a channel layer 2g. The source electrode 2e functions 
as a drain electrode 2b in a transistor at next stage. A source 
electrode 2c is arranged opposing to the drain electrode 2b 
sandwiching a channel layer 2a. 

In the pixel area, a pixel electrode 7 which has substantially 
the same outward shape as an outline of the pixel area is formed. 
The pixel electrode 7 is connected with the source electrode 2c of 
the TFT at the contact holes 51b and 52c. Further, a storage 
capacitor wiring 41 which crosses inside the pixel area in parallel 
with the gate wiring 4 is formed. Furthermore, for example, a 
rectangular-shape storage capacitor electrode (hereinafter, 
referred to as a second storage capacitor electrode) 62 which is 
electrically connected to the storage capacitor wiring 41 via a 
contact hole 5 Id at each pixel area is formed. Also, in this 
embodiment , an impurity semiconductor layer composing the source 
electrode 2c is formed extending to the lower part of the second 
storage capacitor electrode 62 . Further, the impurity semiconductor 
layer is formed at the lower part of the second storage capacitor 
electrode 62 along the storage capacitor wiring 41, thereby 
functioning as a first storage capacitor electrode 2d. 

Description in more detail follows with reference to a device 
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cross section shown in Fig. 1(b). A semiconductor layer 2 made of, 
for example, polys ilicon is formed on the transparent glass 
substrate 1 and a gate insulating film 3 made of, for example, a 
silicon oxide film and the gate electrode (gate wiring) 4 made of, 
for example, Cr are formed on the semiconductor layer 2. The 
semiconductor layer 2 functions as channel layers 2a and 2g, source 
electrodes 2c and 2e which are impurity semiconductor layers and 
drain electrodes 2b and 2f . Further, a first interlayer insulating 
film 51 is formed on the first storage capacitor electrode 2d which 
extends to the lower part of the second storage capacitor electrode 
62. The source electrode 2c is connected to an island-like electrode 
61 simultaneously formed with the formation of the data wiring 6 via 
the contact hole 51b. The island-like electrode 61 is made of the 
same material composing the data wiring 6, for example, Mo. The 
island-like electrode 61 is connected to the pixel electrode 7 made 
of a transparent electrode such as ITO via the contact hole 52c at 
the second interlayer insulating film 52 formed thereabove. 

In this manner, the TFT according to this embodiment has the 
channel layer (an operating semiconductor layer) 2a formed on the 
glass substrate 1, the gate insulating film 3 formed on the operating 
semiconductor layer 2a, the gate electrode 4 to be connected to the 
gate wiring 4 formed on the gate insulating film 3 , the source 
electrode (the first semiconductor layer) 2c including impurity 
formed at both sides of the operating semiconductor layer 2a, and 
the drain electrode (a second semiconductor layer) 2b. The source 
electrode 2c is electrically connected to the pixel electrode 7 via 
the contact hole 51b opened in the first interlayer insulating film 
51 and the contact hole 52c opened in the second interlayer 
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insulating film 52 formed thereabove. The drain electrode 2f is 
connected to the data wiring 6 via the contact hole 51a. Therefore, 
the TFT has a planer-type structure. 

On the other hand, the storage capacitor wiring 41 is formed 
in parallel with the gate electrode 4 simultaneously with the 
formation of the gate electrode 4. The second storage capacitor 
electrode 62 is formed on the storage capacitor wiring 41 via the 
contact hole 51d at the first interlayer insulating film 51. The 
second storage capacitor electrode 62 is simultaneously formed when 
the data wiring 6 is formed. The storage capacitor electrode 62 forms 
a storage capacitor Cs2 between the pixel electrode 7 and the storage 
capacitor electrode 62 sandwiching the second interlayer insulating 
film 52. Further, the second storage capacitor electrode 62 forms 
a storage capacitor Csl between the first storage capacitor 
electrode 2d and the second storage capacitor electrode 62 
sandwiching the first interlayer insulating film 51. It will be 
noted that, in order to maintain a predetermined potential, the 
storage capacitor wiring 41, for example, is electrically connected 
to a common electrode formed on an opposing substrate arranged to 
face the glass substrate 1 and is maintained at a common potential. 
Liquid crystal (not shown) is sealed between the array substrate in 
which the pixel is formed on the glass substrate 1 and the opposing 
substrate (not shown). When the TFT writes electric charges to 
display an image in a liquid crystal capacitor via the pixel 
electrode 7, the electric charge are simultaneously written in the 
storage capacitor. 

Since the first storage capacitor electrode 2d and the pixel 
electrode 7 are connected via the contact holes 51b and 52c, the 
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storage capacitors Csl and Cs2 are connected in parallel. Thus, a 
whole storage capacitance is equal to Csl + Cs2 . 

In this manner, a distinctive feature is that this embodiment 
has a plurality of gate wirings 4 formed on the glass substrate 1, 
a plurality of data wirings 6 formed on the glass substrate 1 
substantially in the orthogonal direction to the gate wirings 4 , the 
TFT formed in a plurality of pixel areas which are decided by the 
gate wiring 4 and the data wiring 6 and arranged in a matrix pattern, 
the pixel electrode 7 formed in the pixel area and connected to the 
TFT, and a plurality of the storage capacitor electrode layers (2d, 
62) forming a plurality of storage capacitors Csl and Cs2 via a 
plurality of insulating films (51, 52) between the glass substrate 
1 and the pixel electrode 7. Also, a distinctive feature is that 
a plurality of storage capacitors Csl and Cs2 are connected in 
parallel - 

Further, a plurality of the storage capacitor electrodes 2d 
and 62 are laminated to overlap via the first interlayer insulating 
film when observing from a direction perpendicular to the substrate. 
In other words, a plurality of the storage capacitor electrodes 2d 
and 62 use the area where the first semiconductor layer is extended 
as the first storage capacitor electrode 2d and have the second 
storage capacitor electrode 62 which is formed between the first 
interlayer insulating film 51 and the second interlayer insulating 
film 52 and connected to the storage capacitor wiring 41 which is 
maintained at a predetermined potential. At least the first storage 
capacitor Csl is composed of the first storage capacitor electrode 
2d, the first interlayer insulating film 51 and the second storage 
capacitor electrode layer 62 while the second storage capacitor Cs2 
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is composed of the second storage capacitor electrode 62, the second 
interlayer insulating film 52 and the pixel electrode 7. In this 
manner, by laminating the storage capacitor to a two-layer structure 
of Csl and Cs2 , the capacitance can be increased without producing 
an increase in a shielding area which reduces an aperture ratio of 
the pixel . 

Next, a fabrication method of the active matrix type display 
according to this embodiment is described with reference to Fig. 2. 
Fig. 2 is a cross sectional view showing a process to form the same 
area as the cross section shown in Fig. 1(b). 

First, as shown in Fig. 2(a), the semiconductor layer 2 made 
of, for example, polys il icon is formed to approximately 40 nm in 
thickness. This semiconductor layer 2 is formed to an area where 
the source electrode 2c side is extended and becomes the first 
storage capacitor electrode 2d in later processes . Next, for example, 
Si0 2 is deposited to approximately 100 nm in thickness on a whole 
surface and then, for example, Cr is deposited to 200 nm in thickness 
and patterned, thereby forming the gate insulating film 3 and an 
insulating film 3' as well as the gate electrode 4 on the gate 
insulating film 3 and the storage capacitor wiring 41 on the 
insulating film 3 ' . 

Next, as shown in Fig. 2(b), implantation of impurity is 
performed by using the gate electrode 4 as a mask, thereby forming 
the source electrode 2c and the drain electrode 2b by a 
self -alignment . At this time, the first storage capacitor electrode 
2d is formed at the impurity semiconductor layer extending to the 
source electrode 2c side. Then, the first interlayer insulating film 
51 is formed by depositing, for example, silicon nitride film (SiN) 
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to, for example, 3 00 run in thickness. After that, the contact holes 
51b and 51d are opened in the first interlayer insulating film 51 
on the source electrode 2c and the storage capacitor wiring 41. 

Next, as shown in Fig. 2(c), the data wiring 6 is formed by 
depositing a Ti film to approximately 30 nm in thickness and a Mo 
film to approximately 300 nm in this order and patterning them. 
Simultaneously with the formation of this data wiring 6, the 
island-like electrode 61 is formed at the contact hole 51b for 
contacting the ITO of the pixel electrode 7 and the source electrode 
2c of the TFT. Similarly, the second storage capacitor electrode 
62 connected to the storage capacitor wiring 41 via the contact hole 
5 Id is formed. 

Next, as shown in Fig. 2(d), the second interlayer insulating 
film 52 is formed by depositing a SiN film to approximately 300 nm 
in thickness. Then, the contact hole 52c is opened in the second 
interlayer insulating film 52 on the island-like electrode 61 . After 
that, the pixel electrode 7 is formed by forming the ITO to 
approximately 100 nm in thickness and patterning. 

By the aforementioned process , a device forming process on the 
array substrate side of the active matrix type display is completed. 
Thus, the second storage capacitor Cs2 is formed by the second 
storage capacitor electrode 62 and the pixel electrode 7 sandwiching 
the second interlayer insulating film 52, and the first storage 
capacitor Csl is formed by the second storage capacitor electrode 
62 and the first storage capacitor electrode 2d sandwiching the first 
interlayer insulating film 51. As evident from the aforementioned 
description, the active matrix type display according to this 
embodiment can be fabricated by using the same device forming 
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materials as in the conventional display and by the same fabrication 
method as before. 

At the end, liquid crystal is filled by laminating the array 
substrate with the opposing substrate, the liquid crystal is sealed 
with a predetermined cell gap, a driver IC and the like for driving 
the liquid crystal is built in and if necessary a back lighting is 
attached to complete the active matrix type display. 

Next, an example of a variation of an active matrix type liquid 
crystal display according to this embodiment is described with 
reference to Fig. 3. In a structure shown in Fig. 3, the same code 
is referred to the same structure element as that shown in Fig.l and 
Fig. 2 and the description is omitted. 

When taking a long distance between the gate wiring 4 and the 
storage capacitor wiring 41 in the structure shown in Fig.l, it is 
required to form a first storage capacitor electrode 2d by extending 
the impurity semiconductor layer from the island-like electrode 61 
to the storage capacitor wiring 41 . However, since the semiconductor 
layer shades the light to some extent, drawing around too long 
distance in the pixel area results in a reduction in aperture ratio 
of the pixel. 

So, in the structure shown in Fig. 3, the first storage 
capacitor electrode 2d is separately formed isolated from the source 
electrode 2c (the first semiconductor layer). Therefore, the first 
storage capacitor electrode 2d is electrically connected to an 
island-like electrode 65 via another contact hole 51 j formed on the 
first interlayer insulating film 51. Thus, the island-like 
electrode 65 is connected to the pixel electrode 7 via a contact hole 
52k formed on the second interlayer insulating film 52. It will be 
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noted that an island-line electrode 65 is simultaneously formed when 
the island-electrode 61 is formed. 

According to this structure, the storage capacitance can be 
increased without a reduction in aperture ratio of the pixel. 

Next, the active matrix type display according to a second 
embodiment of the present invention is described with reference to 
Fig. 4 and Fig. 5. First, a schematic structure of the active matrix 
type display according to this embodiment is described with 
reference to Fig. 4. Fig. 4(a) shows a plan view of the array 
substrate and the Fig. 4(b), which is a part of a cross section cut 
by a line B-B in Fig. 4(a), shows a cross section of the gate wiring 
4 area. As shown in Fig. 4(a), on the transparent glass substrate 
1, which is to be the array substrate, a plurality of gate wirings 
4 (4a, 4b only shown) extending in the lateral direction in the 
diagram are formed in line in parallel. Further, substantially in 
the orthogonal direction to the gate wirings 4, a plurality of data 
wirings 6 are formed in line in parallel. A rectangular-shape area 
decided by each gate wiring 4 and each data wiring 6 becomes the pixel 
area and a plurality of pixel areas are arranged in a matrix shape. 
The TFT is formed in each pixel area. The TFT structure shown in 
Fig. 4 is the same as the one described with reference to Fig. 1 in 
the first embodiment and uses a part of the gate wiring 4 wired 
lineally as the gate electrode. Further, the TFT structure has the 
so-called double gate structure in which the gate wiring 4 is crossed 
twice. 

In the pixel area, the pixel electrode 7 which has 
substantially the same outward shape as the outline of the pixel area 
is formed. The pixel electrode 7 is connected to the source electrode 

16/26 



FUP99009US 



2c of the TFT at the contact holes 51b and 52c. 

In this embodiment, unlike the first embodiment, the impurity 
semiconductor layer composing the source electrode 2c does not 
extend and the first storage capacitor electrode 2d is not formed. 
Instead, a fourth storage capacitor electrode 8 which also serves 
as a storage capacitor wiring is formed. The fourth storage 
capacitor electrode 8 has a peripheral area overlapping a perimeter 
area of the pixel electrode 7 via a third interlayer insulating film 
53 when observing from a direction perpendicular to the substrate. 
Further, the fourth storage capacitor electrode 8 also serves as a 
black matrix layer normally formed on the opposing substrate side 
which faces the array substrate, on which the TFT is formed, 
sandwiching the liquid crystal layer. The black matrix layer is so 
as not to leak back lighting light from an area where the pixel 
electrode 7 is not formed. In a high fine display panel and the like 
having a small area for one pixel, forming the black matrix layer 
on the array substrate side is particularly effective in preventing 
a transmitting light out of the back lighting from reducing due to 
an error in laminating panel alignment between the opposing 
substrate and the array substrate. Furthermore, a third storage 
capacitor electrode 62 is formed below the fourth storage capacitor 
electrode 8 via an insulating film. 

Here, further description follows with reference to Fig. 4(a) 
as well as Fig. 4(b). The third storage capacitor electrode 62 
according to this embodiment is formed on the first interlayer 
insulating film 51 formed above the gate wiring 4. The second 
interlayer insulating film 52 is formed on the third storage 
capacitor electrode 62 and the fourth storage capacitor electrode 
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8 is placed above the second interlayer insulating film 52 . The third 
interlayer insulating film 53 is formed on the fourth storage 
capacitor electrode 8. The pixel electrode 7 made of ITO and the 
like is formed on the third interlayer insulating film 53 in each 
pixel area. 

As shown in Fig. 4(a), a part of the third storage capacitor 
electrode 62 on the gate wiring 4b is pulled out and connected to 
the pixel electrode 7 via a contact hole 53e in which the pixel 
electrode 7 is connected to the TFT driven by a gate signal running 
to the gate next wiring 4a. 

In such a structure, a third storage capacitor Cs3 is composed 
of the third storage capacitor electrode 62, the second interlayer 
insulating film 52, and the fourth storage capacitor electrode 8. 
A fourth storage capacitor Cs4 is composed of the fourth storage 
capacitor electrode 8, the third interlayer insulating film 53, and 
the pixel electrode 7. Further, a fifth storage capacitor Cs5 is 
composed of the third storage capacitor electrode 62, the first 
interlayer insulating film 51, and the gate wiring 4 (4b). It will 
be noted that the fourth storage capacitor electrode 8 is maintained 
at the common potential by, for example, being connected to the 
common electrode in order to keep the predetermined potential. 

In the aforementioned structure, since the third storage 
capacitor electrode 62 and the pixel electrode 7 are electrically 
connected via the contact hole 53e, the third storage capacitor Cs3 
and the fourth storage capacitor Cs4 are connected in parallel. 
Further, though one side of the electrode forming the fifth storage 
capacitor Cs5 is an adjacent gate electrode 4b, its gate potential 
varies only during an extremely short period when the gate signal 
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is written, and is at the predetermined potential at most of other 
time. During this period when the potential is constant, one side 
of the fifth storage capacitor Cs5 is used as the storage capacitor 
electrode. Therefore, since the third through fifth storage 
capacitors Cs3 through Cs5 can be regarded as being connected in 
parallel, whole storage capacitance is substantially equal to Cs3 
+ Cs4 + Cs5. Further, since the third storage capacitor electrode 
62 is positioned to be hidden behind the fourth storage capacitor 
electrode 8 against the back lighting light, the third storage 
capacitor electrode 62, excluding a part contacted with the pixel 
electrode 7, does not prevent the transmitting light in the pixel 
area. 

As described above, according to this embodiment, in addition 
to the fourth storage capacitor Cs4 which is also formed in the 
conventional structure, by creating a three-layer structure 
laminating the third and the fifth storage capacitors Cs3 and Cs5 
in the area where light is shielded by fourth storage capacitor 
electrode 8, the light shielding area at the contact hole 53e at the 
third storage capacitor electrode 62 and the pixel electrode 7 can 
only be slightly increased, thereby largely increasing the storage 
capacity. 

Next, a fabrication method of the active matrix type display 
according to this embodiment is described with reference to Fig. 5. 
Fig. 5 is a cross sectional view showing a process to form the same 
area as the cross section shown in Fig. 4(b). 

First, on the glass substrate 1 which is a transparent 
insulating substrate, the semiconductor layer 2 made of, for example, 
polys il icon is formed to approximately 40 nm in thickness and 
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patterned. Then, as shown in Fig. 5(a), for example, Si0 2 is 
deposited to approximately 100 nm in thickness on a whole surface. 
Next, by depositing, for example, Cr to 200 nm in thickness and 
patterning, the gate insulating film 3 and the gate electrode 4 are 
formed . 

Next, implantation of the impurity is performed by using the 
gate electrode 4 as a mask and the source electrode 2c and the drain 
electrode 2b of the TFT are formed by self -alignment (not shown). 
Then, the first interlayer insulating film 51 is formed by depositing, 
for example, a silicon nitride film (SiN) to, for example, 300 nm 
in thickness. 

Next, the data wiring 6 is formed by depositing the Ti film 
to approximately 30 nm in thickness and the Mo film to approximately 
300 nm in thickness in this order and patterning them (not shown). 
Simultaneously with the formation of this data wiring 6, the 
island-like electrode 61 and the like for contacting the pixel 
electrode 7 with the source electrode 2c of the TFT is also formed 
(not shown) . In the same way, the third storage capacitor electrode 
62 is formed on the gate wiring 4 via the first interlayer insulating 
film 51. 

Next, as shown in Fig. 5(b), the second interlayer insulating 
film 52 is formed by depositing a SiN film to approximately 400 nm 
in thickness. Then, the fourth storage capacitor electrode 8 also 
serving as the black matrix layer is formed by depositing a Ti film 
to, for example, 200 nm in thickness on the second interlayer 
insulating film 52 and patterning. 

Then, as shown in Fig. 5(c), the third interlayer insulating 
film 53 made of a SiN film of, for example, 400 nm in thickness is 
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formed and the contact hole 53e is opened on the third storage 
capacitor electrode 62 by passing through the third and the second 
interlayer insulating films 53 and 52. Further, the pixel electrode 
7 is formed by forming the ITO to, for example, 100 nm in thickness 
and patterning. 

By the aforementioned processes, a device forming process on 
the array substrate side of the active matrix type display is 
completed. By this completion, the third storage capacitor Cs3 is 
formed by the third storage capacitor electrode 62, the second 
interlayer insulating film 52 and the fourth storage capacitor 
electrode 8, and the fourth storage capacitor Cs4 is formed by the 
fourth storage capacitor electrode 8, the third interlayer 
insulating film 53 and the pixel electrode 7. Further, the fifth 
storage capacitor Cs5 is formed by the third storage capacitor 
electrode 62, the first interlayer insulating film 51 and the gate 
wiring 4 (4b). As evident from the aforementioned description, the 
active matrix type display according to this embodiment can be 
fabricated by using the same device forming materials as in the 
conventional display and by the same fabrication method as before. 

At the end, the liquid crystal is filled by laminating the 
array substrate with the opposing substrate, the liquid crystal is 
sealed with the predetermined cell gap, a driver IC and the like for 
driving the liquid crystal is built in, and if necessary the back 
lighting is attached to complete the active matrix type display. 

The present invention is not limited to the above embodiment 
and various variations are possible. For example, though the 
planer-type TFT is used to describe in the above embodiment, the 
present invention can be applied to the TFT having a staggered or 



21/26 



FUP99009US 



an inverted staggered structure. 

Furthermore, though the second embodiment above is described 
by using the structure in which the fourth storage capacitor 
electrode 8 also serves as the storage capacitor wiring, the present 
invention is not limited to this and the structure can certainly be 
structured so that the fourth storage capacitor electrode 8 and the 
storage capacitor wiring are separately established and are 
electrically connected. 

As described above, according to the present invention, 
capacitance can be increased by laminating storage capacitors 
without increasing the area for the storage capacitors toward a 
display area. Therefore, a bright display having a sufficient 
storage capacitance and a large area as well which transmits the back 
lighting light can be provided. By having the sufficient storage 
capacitance, variations of the optimum common potential due to the 
capacitance between the gate and the pixel can be suppressed and dot 
defects due to off -leak current of the TFT can also be prevented. 
Further, the array substrate for the TFT according to the present 
invention can be fabricated by the same fabrication method using the 
same device forming materials as before. 
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[CLAIMS] 

What is claimed is: 

1. An active matrix type display comprising: 

a plurality of gate wirings formed on a substrate; 

a plurality of data wirings formed on the substrate 
substantially orthogonal to the gate wirings; 

a thin film transistor formed in a plurality of pixel areas 
decided by the gate wirings and the data wirings and arranged in a 
matrix shape; 

a pixel electrode formed in the pixel area and connected to 
the thin film transistor; and 

a plurality of storage capacitor electrodes forming a 
plurality of storage capacitors between the substrate, the pixel 
electrode and the storage capacitor electrodes via a plurality of 
insulating films. 

2 . An active matrix type display as set forth in claim 1 , wherein 
a plurality of the storage capacitors are connected in parallel. 

3. An active matrix type display as set forth in claim 1, wherein 
at least more than two layers among a plurality of the storage 
capacitor electrodes are laminated to overlap via a insulating film 
viewing from the direction perpendicular to the substrate. 

4. An active matrix type display as set forth in claim 1, wherein 
the thin film transistor is a planer type structure having an 
operating semiconductor layer formed on the substrate, a gate 
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insulating film formed on the operating semiconductor layer, a gate 
electrode formed on the gate insulating film, a first and second 
semiconductor layers formed on both sides of the operating 
semiconductor layer including impurity, a source electrode 
including the first semiconductor layer electrically connected to 
the pixel electrode via a contact window opened to the first and 
second insulating layers laminated on the first semiconductor layer, 
and a drain electrode including the second semiconductor layer and 
connected to the data wirings; 

the gate wirings also serving as the gate electrode; and 
a plurality of the storage capacitor electrodes using the 
first semiconductor layer as a first storage capacitor electrode, 
having a second storage capacitor electrode being formed between the 
first insulating film and the second insulating film and connected 
to a storage capacitor wiring maintained at a predetermined 
potential, wherein at least a first storage capacitor is structured 
by the first storage capacitor electrode, the first insulating film 
and the second storage capacitor electrode, and a second storage 
capacitor is structured by the second storage capacitor electrode, 
the second insulating film and the pixel electrode. 

5 . An active matrix type display as set forth in claim 4 , wherein 
the first storage capacitor electrode uses a semiconductor layer 
formed isolated from the first semiconductor layer instead of the 
first semiconductor layer. 

6. An active matrix type display as set forth in claim 1, wherein 
a plurality of the storage capacitor electrodes have a third storage 



FUP99009US 



capacitor electrode formed on the first insulating film in the gate 
wiring area at a previous stage of the pixel area and connected to 
the pixel electrode in the pixel area, and a fourth storage capacitor 
electrode formed on the second insulating film in the gate wiring 
area and the data wiring area and providing an end of the pixel 
electrode formed on a third insulating film formed at upper portion 
and an end overlapping viewing the substrate perpendicularly, 
wherein a third storage capacitor is structured by the third storage 
capacitor electrode, the second insulating film and the fourth 
storage capacitor electrode, and the fourth storage capacitor is 
structured by the fourth storage capacity electrode, the third 
insulating film and the pixel electrode. 

7 . An active matrix type display as set forth in claim 6, wherein 
a fifth storage capacitor is structured by the third storage 
capacitor electrode, the first insulating film and the gate wiring. 

8. An active matrix type display as set forth in claim 6, wherein 
the fourth storage capacitor electrode also serves as a storage 
capacitor wiring. 

9 . An active matrix type display as set forth in claim 6 , the 
fourth storage capacitor electrode also serves as a shading film. 
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ABSTRACT 



The present invention relates to an active matrix type display 
providing a thin film transistor (TFT) as a switching device and the 
object is to provide an active matrix type display which can obtain 
large storage capacitor without thinning an insulating film between 
electrodes nor expanding an electrode to a pixel area. The active 
matrix type display is structured to have a plurality of gate wirings 
4 formed on a glass substrate 1 , a plurality of data wirings 6 formed 
on the glass substrate 1 substantially orthogonally to the gate 
wirings 4, the TFT decided by the gate wirings 4 and data wirings 
6 and formed in a plurality of pixel areas arranged in a matrix shape, 
a pixel electrode 7 formed inside the pixel area and connected to 
the TFT, and a plurality of storage capacitor electrodes layers (2d, 
62) forming a plurality of storage capacitors Csl and Cs2 between 
the glass substrate 1 and pixel electrode 7 via a plurality of 
insulating films (51,52). 
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